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1.0 INTRODUCTLION

Modern combat and most non=tactical atrveraft of all wmilitarvy
department @ have one basie mission simtlavity, i.e0, quick rela-
tive response and tast ongagement or delivery time. With turbine
ongine installations thia is true even for rotary-wing aircrafe,
Bagineoring desian to achieve such high specds has placed cmpha-
s13 an propulsion systems, stractures, and envivonmental systems
to support operator tanctions at hiah altatudes, high speeds, all
weat her conditions, ote, The operator {(s) must fuanction it any
manned air mission s ta be uandertaken and acconmplished, I
cither tatal ov sumrvivable acctdents ae to be aveirded, operato,
tunct tons must occur i oa sk lted, systomatic, retlexive order.
Namage to the gprer body region, particularvly head and neck, con-
atituton the greatest threat to sustaiming proper operator fune-
tions, and o great deal ot vrescatrch ettort has been oxpended to
doevelop protective meazures to prevent upper body damaage, o9,

helmet s, armor, restraint, amd ejection systoms,

The need for hiigh pertormance, and also increasoed armaeent ,
has reantted in decreased crashworthiness and, to some extent,
decreases i operator protection. Thiis has not been a deliberate
proce, but rather an acknowiodaoed trade-ott o advanced mission
roquirementse bevotaing ctfort co crashworthiness in a 600-mph

pastt has Known end point s,

High pevtormance atreratt acerdents are chatacterveed by low
smrvival rates, usually as oa result of dwpact tovces and-or re-
sulting tives. Many such accidents are o matter of puablace receod,
and the public instinctively sceeks to Know the number of tatali-
tien, 14 there are survivor::, this 1 regavded as rematkabte,
How much the lost avevatt costa also continues to eclicit seme

wondernent .
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The main thrust of the effort reported herein has been to

identify information which will denote where further rescarch on

protection for the head and neck should be conducted.

1.1 OBJECTIVES

Navy acromedical personnel have a historic devotion to im-
proving survivability for all aircraft occupants, and have devel-
oped and maintained an accident reporting system which provides
extensive data on skull, face, eye, neck, and cervical injuries
as well as injuries to other body parts. Injury locations,
causes, diagnoses, and contributing factors are computerized
and readily accessible in the data bank maintained by the Naval
Safety Center, Norfolk, Virginia. In addition, copies of Mcedical
Officers Reports (MOR) are on file for analysis in either hard

copy or microfilm,

Using both computer data and MOR, the objectives of this cof-

fort were to:

1. Determine directionality of injuries to the skull, face,
cye, neck, and cervical vertebra, 1i.e., the location of
the external causal element with respect to the crew-
man's position in the crash environment.

2. Identify data applications for further rescarch.
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2.0 METHODOLOGY

i .

e he mothakiology involved obtaining printouts of narrative
and coded data on all davy aitreraft accidents which resulted ain
fatal and survivable injuries to the skall, face, eye, neck, and

corvical roegiona,

The acairdent printout coverad the period from January 1969
to March 1978, The tollowing atveratt wore anvolved daring thas
poeriad:

A-1 v-1 n-2
A-4 | N Q-1
A-n
A-b t-4 T-1
A-7? 1'-& T2

| M T-28
V-1 b-14 T-313
-2 T- 3N
U4 n-1 T-239
[QENRY H-2
C-dn -1 u-11
=47 it- 3 U-1lo
=117 H-dn
C-118 N-5H3 AV -BA
C=-121 H=-57
¢=-130 ov-10
C=-1131 -2

IR

Several of the above arteratt are no longer in inventory, but atld

were included, inttially, for type signiticance,

From the accident printout and on the basis of availabilaty

of autopay resultg, specific MOR were identitfied, rvetyrieved, and

studiad in the divectionality determination ettort. The timited

Tooagain statistical data and interences, printouts of the

tollowing were obtained and analyced:

scope of the program limited this effort to an analysis ot 37 MOR.
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® Number of injuries to five regions of concern.

e Fatality and injury totals.

® Seating position totals. C i iad

For all aircraft models:

1 # Injury identification, location, cause, etc.

e Fatality and injury totals.




3.0  NAIRCRAFT SUMMARIES (1969 - 1978)

This scction presents summaries (by aircraft model and types)
of injuries té skull, face, eye, neck, and cervical vertebra and
further shows where these injuries were sustained by seating po-
sition. The scating position information is presented in two
categories, cockpit and crew/passenger/unknown, which are then
combined as total injuries (fatal and non-fatal). Much greater
scating position dcetail is available from the data bank, but the
importance of cockpit survivability is recognized and stressed in
this study. A total scating position study was beyond the scope
of the program. Also, study of the MOR revealed a few cascs where
cockpit personncl may fall in the unknown sub-category in cotas-
trophic crash and burn accidents. These are rare casces, howevoer,
and not statistically significant.

Most of the model and type data presented here show the de-
crease in injuries which occurred as combat operations decreasoed
in Victnam, This difference in combat and non-combat operational
environments is discussed later.

The aircraft information presented is taken from "Jane's All
The World's Aircraft" (The Trade Press Assocliation Ltd., London).
Amomalies exist Letween Jane data and data furnished for the anal-
ysis, particularly where aircraft are classed as single-scat by

Jane and other-than-cockpit seating data were furnished.
3.1 MODEL SUMMARIES

Analytical comments for the atrcraft model summarics will

deal with injuries dominance and contribution significance, with

ather comments as appropriate.
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A total of 34 injuriew are repurted for one vatas-

trophic accidont in 1970, 8kull (21) and face (10)
account for the majurity (31 of 34)., There ware 19
fatalities) throe ocourred in the cookpit.

skull (%) and neck (4) injuries (1}1) were dominant
for tha C-130. Three fatalities ocourred in the
cockpit and two ware in non=-cookpit positionn,

No fatalities romultad from one each face and cer=-
vical injuries in the C=-131; both were in non=
cockpit positions.

The L=l is reported out of 1nvnntory. IL avcounted
for saven injuries from 1969 to 1971, Faoa (4)

and skull (2) injuries wore mowt provalent, One
cach fatality ocourred in cookpit and non=cockpit
positions.

e

bl |

A consimtont. skull and face {njury trend s shown
for thoe E-2. Thoy accounted for 17 of 21 {njuries
roported (skull 9, faco 8). Of ¢ fatalitieu, 4
occurred {n the cockpit, '

e

s 1
e

e [ ep——— s

The F=4 Phantom doas not follow Lthe trend fndicatad
by most of the models ptudied; (L conbtinuss (o cayse
sorious injuries attor tha combat period (1909 =
1970)., Hkull {37) and nock (38) {njuriems cauned

75 of the 110 injuriew reported; the fave had 26,
Toguther, thay acocount for 9} of the total 110,

The coniplt {n credited with 24 of 32 fatalitjam
othor position dats ara sumpact,

The F=8 skull (8) and neuk (8) §njuriow are dominant
thoy account for 16 of tha 26 reported injuriaens, =
Position data are mumpaot, ;

Tho F=9 {a reported out of inventory, hut {L ac-
countad for 13 injurfes, mowtly mkull (6) and neck
(5), Of 10 total pomition data, B wure fatalitjon,

Only onoe fatality (cookpit) {m reported for the '=14,
obviounly from skull injury (2) contributfon, Huouk
(4) and wskull ()) wore primary contributorm to 6
non-fatal injuriom,

iz

Tha 1=1 {njuriens of 19(9 through 197) acvounted
60 of tho 84 tpjurdem, tku)l (37) and face (10)
injurios dominate the ontire J0=yoar purfod, of
note, no cervical injurfes are reported, Cockpit
(35) dnjurtfon scoounted for mowt position data; 13
warn fatalitiow,
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H-34:
Table
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Table
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P-2:
Table
30

P-3:
Table
31

§-2:
Table
32

S-3:
Table
33

T-1:
Table
34

No fatalities are reported for the H-2, and face
injuries (7 of 12) are dominant.

Skull injuries dominate for the H-3 (14 of 24), and

only one cockpit fatality is reported among 18 total
position data.

The H~34 is reported out of inventory, but it ac-
counted for 15 injuries in 1969 through 1971; the
skull receivext 12 of these. Cockpit fatalities are
high (5 of 7 total).

Like the H-1 and H-34, injuries for the 1969 through
1971 period are high (50 of 77 total); most of these
are contributed by the skull (35) and face (24). oOf
53 seating positions reported, 26 were fatalities; 5
occurred in the cockpit.

The H-53 has a consistentiy high injury rate over
the 10-year period. Like the H-46, skull (37) and
face (21) dominate the total 82 reported. The
cockpit cxperienced 7 of the 25 fatalities.

Two face injuries contributed to one non-fatal non-
cockpit injury.

One accident in 1969 contributed most (13 of 15)

of the P-2 injuries. Of the total 15, 9 were skull
and 4 were face injuries. Two cockpit fatalities
are derived from the position data.

Neck (28) and skull (12) dominate the 43 reported
injuries. Only fatal injurics (13) were sustained
in the cockpit, half of the total 26.

Skull injurics dominate the data reported (12 of
25), and fatalities in the cockpit (11) prevail in
the total position data of 17. Also of particular
note, there was a total of 15 fatalities in the
position total of 17.

Like the S-2, skull injuries dominate the injury
distribution in the data for the S-3 (4 of 6).
Cockpit fatalities are high also, accounting for
3 of S position data.

The T-1 is reported out of inventory, and the lit-
tle data available are used only for total analysis.
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T=2: As seen here and as will be shown later, skull in-
Table juries dominate the data distribution for trainer
. _ 35 ~ aircraft, 14 of 26 for the T-2. Cockpit fatalities
e e account for near half of the position data (8 of 17).
T-28: Skull (11) and neck (9) account for most of the
Table injury data (20 of 31). Cockpit fatalities are
36 nearly half of the position data (11 of 24).
T-33: Inventory status of the T-33 is uncertain, and the
Table little data available are used only for total
37 analysis.
T~34B: Skull injuries account for 9 of 14 T-34 injury
Table = data, and cockpit fatalities dominate the position
38 data (6 of 8).
T-39: . Skull injuries (10 of 1l1) and cockpit fatalities
Table (6 of 11) dominate the T-39 data. A duplication
39 of injury and position data occurred (1974 and
1977) which could be of interest.
U-11:
t Table
: 40 Data furnished are useful only in total analysis.
U-16:
. Table
41
' AV-8: Skull (7) and neck (6) dominate the AV-8 injuries
. ) Table (13 of total 22). Cockpit fatalities account for A
o 42 half of the position data (5 of 10). :
! ‘- ov-10: Skull accounts for over half the injury distribu- :
Table tion (9 of 17). Cockpit fatalities again account E
D 43 for a majority of the position data (8 of 13). E
}if 3.2 TYPE SUMMARIES :
E
f ! The injury and position data presented for each aircraft model
' in Section 3.1 is summarized and discussed by type in this section, i

e.g., attack, trainer, helicopter, etc. 5

The following aircraft are not included in the type summarics

%’ because of loss from inventory: f
LT c-4 E-1 H-34

[==1JE% =3
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The following aircraft are not treated because of insufficient

information on which to base type analysis:

E-2 U-1ll ov-10
U-16 '

3J.2.1 Attack Aircraft

1

Attack (and fighter) mission performance requirements are
characterized by high velocities at all altitudes, Take-off and
landing speeds are also higher than most aircraft. Accidents
involving attack aircraft are thus more apt to result in high im-
pact forces, causing multiple severe injuries to occupants. Table
44 supports this, and shows that the skull, neck, and face receive
most of the injuries (212 of 265 reported).

Of the 190 position totals, the cockpit accounts for slightly
over half (97). Of these 97, 42 were fatal,

3.2.2 Cargo Aircraft

Cargo aircraft come in many sizes, and mission requirements
call for considerably more than cargo or personnel transport. Pro-
pulsion systems include radial, turbo, and jet engines. 1In gen-
eral, speed requirements for take-off, landing, and flight are much
lower than attack or fighter aircraft. There is some basic simi-
larity in overall configuration, however, and it is believed that
the C-type aircraft can be considered inclusively.

Table 45 shows that skull injuries dominate for cargo aircraft
(38 of 67, over half). This could be attributed to more persons
not in flight system restraint; this contention is supported in the
position data. Also, cockpit fatalities are low in the overall
position data (6 of 50), perhaps another manifestation of the
slower operational environment.
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3.2.3 Fighter Aircraft

Fighter aircraft have mission and performance requirements
similar to attack aircraft. Injury distribution is similar also;
this is shown below:

Percent of Injuries

Aircraft Injuries Skull Face Eye Neck Cervical
Attack 265 32 23 8 25 12
Fighter 149 33 23 6 33 5

Table 46 alsc shows an expected dominance of cockpit injuries
(63 of 113), inclusive of 26 fatalities.

3.2.4 Helicopters

Helicopter accidents generally have a more pronounced verti-
cal component than fixed wing aircraft. This consideration and
the contribution of rotor blade strikes may account for the high
incidences of face injuries shown in Table 47 (89 of 281 total in-~
juries, 31%). Of the aircraft types studied, skull and face in-
juries for helicopters are the highest combined injuries; skull
(124) and face {89) together account for 213 (75%) of 281 injuries.

Position data are as expected, reflecting (to some extoent)
troop-carrying missions during combat periods. The significance

of the drastic increase in injuries in 1977 would be of intcrest.

3.2.5 Patrol Aircraft

Patrol aircraft, like cargo aircraft, have a variety of mis-

sions, and low-spced, long-range characteristics typify both types.

Injury incidence is significantly different, however, as shown on
the following text page:
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Total
Aircraft Injuries Skull Face Eye Neck Cervical
Cargo 67 38 17 2 6 4
Patrol 60 23 4 2 29 2

Table 48 shows the patrol aircraft data. The disproportionate
number of neck injuries is of great interest, but it may be attrib-
uted to the sparseness of the patrol data (only P-2 and P-3) as
compared to the 11 cargo aircraft studied.

Position data shows a very high fatality trend (32 of 46 posi-

tions). This fact coupled with the neck injuries is of great in-
terest. ' '

3.2.6 Search Aircraft

There are great differences in the S-2 and S-3 aircraft, e.q.,
propulsion, range, speed, etc., but the mission and operating en-
vironment similarity is sufficient to permit combining data. When
done, as shown in Table 49, neck injuries again show some preva-

lence (as for patrol aircraft), but skull injuries dominate the
data (16 of 31).

Also like patrol aircraft, the fatality trend is high (18 of
22 position data; 14 in cockpit).

3.2.7 Trainer Aircraft

There are many configuration differences in the trainer air-
craft used as data sources for the information shown in Table 50.
Training performance requirements for the aircraft vary proportion-

ately, however, and the data combination is considered valid.

Skull (44) and neck (19) combine (63) to account for 73% of
the total 86 injuries reported.

63

T i i B pdn s il

k



i 3 et it R A o —
31.]31!!13;3“]?; [ M E . W , _ ' e e e e e e — -
w <IVLOL
14 CTERCD ;
x4 6T ,
v €2 v s1 A z€ 09 z 62 4 v €2 TRLoL
0 0 0 0 0 0 0 0 0 0 0 0 8.0
T S 0 9 1 11 €1 0 01 0 0 € LLil
0 0 0 0 0 0 0 0 0 0 0 0 @1
0 0 0 0 0 0 0 0 0 0 0 0 TG
0 0 e 0 0 0 0 0 0 0 0 0 el
¥
\C
T 9 0 % L € 0T T 1 T 0 L €L
T < 0 0 1 S 8 0 S 0 0 £ zLLlT
0 T 0 0 0 T ¢ T 0 C 0 4 Tell
0 £ 0 4 0 L L 0 9 0 0 T 0:LT
T € 14 4 c - S 61 o] L T ) b4 L €91
Tviwd | Ivivd | Ivavd | Ivivd Twlvd TYIVa {(¢-T1) (s) (v) (€) (2) (1) dY3A
-NON -NOL. -NON IY1OL Fy ¢o) AI3N 3xd o) - | TOAMIS
~1/43D
- “AKN/ "¥OSA/MIED 1IMD0D STTUALKT TY1OL
ps STYILOL NOILISOd ONILYI'S
m (8L6T "¥VK ~ 6961 "NVL) IJIVHOHIVY TOMIVd ¥0Jd XIVWWNS XJACNI LNIAIDOV "8¥ 3ITEVL




- — -

™~
~N

- — - -

rd
et

-4
[
na

- =l 8=
s

= ——y

(1]
.
N
o
[
ol

=
|
.-
2]
(K]

tn
T | S —aass iy v anee=l
(1Al
’
{
73
b=l
Sm——

— s - - o os §ommr e b e . T - ) N -
Troi3 o THIR: | Tolza Tzl b Toozd eI et g t :
— iy ] - ——— — -
- _ -l [ -— SRR -— " —

i -

:

FELT TETIE Ml g = \ - —-
. 7
]

L] — B e - — “ - i

. T IrIlISle I ITEE i 1 |
b |

g §oe - - - " P g - e ———— — T e = - - ——
“ [ 1 'ﬁH g - mu.& - -t — - Sl e . we— ' — bt

™
"




o ot o s ] i o e POt i . g 4 i e —

TE T e s bt it e sl o o 4

€9 e

£9 ZIENIERLC

v S 12 £€ s 8¢ ag t €1 B €= ve Itl

™~N
-
(YAl
1
0

Eatea Ettney «.-—-—-w .
h)
)
r

]
[1A)

1 0 0 r'4 [4 Z Z b4 I 1 o C Z .0 i
] | 1 )

m . [ :

o 0 14 £ 4 13 6 C T C -~ ¢

o
o
-
~
~
~
in
<y
™~
N
©
,.‘.;....
|

—~
~-
o~
™
™M
.y
in
-
o

~—
o
-
N
v
"n
o~
rd
N
~
(o}
t~

= — s o —_—
- el BT -

- —ma e . — s
- sran S — - .- - -
- —

]
¥
; P R - L
' AL/ TESSESREED ~IZO02 i = s = — | i
TETTENINI TRILL

Loy

(I

“ s

A

SIS OT MO TITSOE €T Iwne

S st Vv a -t -

———

{8L6T "YYW - 6961 "XNY¥WL) IIWeldEiV FENIYEL €CE AETuLlnS RYnrNi InZ=CIl0¥ "Lt ZTIETL

{00/ nn

S— oo wt s m [—- - . N . . G - PP, - - e -




There are no major similarities with attack and fighter air-

craft data, as shown below:

Percent of Injuries

£ cmeenouy s 3 L ’ Ne 3 1

F Aircraft Injuries ..Skull . ..Face ... Eye ‘Neck  Cervical PR
Attack 265 32 23 8 25 12
Fighter 149 33 23 6 33 5
Trainer 86 51 17 5 22 5

Cockpit positions understandably account for most of the
position data, and cockpit fatalities are also high (33 of 63
positions).

3.2.8 V/STOL Aircraft

The V/STOL information is based entirely on the AV-8A air-

1 e e b g
| [y

H craft, and most of the data came from take~off and landing acci-
dents with catastrophic impacts/ejections and burns. Thus, the Ei
i dominance of skull and neck injuries shown in Table 51 can be if
related to a specific environment. 1
14
; |
The cockpit fatality trend (5 of 10 total positions) also E
g attests to the type of accident and air/ground cnvironment. !f
L3 i
. i
g | 3.3 ANALYSTS AND DISCUGHION £
s '
The injury data presented in the type summavies (Section 3.2) %
1 arc shown by percentage contribution (per airvcraft) in Table 52. i.
Since there are cight aiveraft types involved, there are poten- f-
{ tially 800 percentage peointg. These are totalled and then divided §i
by 8 to gain overall injury rmportance designators.  Thesce desig- E'
- ‘L
nators are shown in Table 52, f
- i?
1 The skull, by far, has the highest degignator, 42, The neck f
=
_ i noxt with 25, and the facoe follows with 20. bEye (6) and ccivi- f
' l cal (7) together (13) do not equal cither of the other desiganators, E
3
.
67 3
‘ 14
i
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TABLE 52. INJURY DISTRIBUTION BY AIRCRAFT TYPE
- Total Pe;gentage of Total lnjuries
Aircraft Injuries Skull Face LEye Neck Ccrvical
Attack 265 32 23 8 25 12
Cargo 67 57 25 3 9 6
Fighter 149 33 23 6 33 5
.Helicopter 281 44 32 7 12 5 -
Patrol 60 38 7 3 49 3
Search 3 52 13 3 22 10 '
Trainer 86 51 17 5 22 S E
V/8TOL 22 32 18 14 27 9
TOTAL (%) 339 158 49 199 55
Designator 42 20 6 25 7

The designator rankings are supportive of the totalé-rvflected
in the head and neck injury summary for the 1969 - 1978 period
shown in Table 53. The highest designator (42) accounts for the
most injuries of the 1,038 total, the skull with 430 injurics.

Neck (25) and face (20) designators account for a total of 47¢
injuries, leaving only 132 for cervical (7) and eye (6).

The designator can be uscd in several ways, but here only to
prioritize discussion and recommendations.

3.3.1 Protection Considerations

The military crewmen's helmets afford somc degree of protec-
tion for all but one of the regions under study, i.e., eyes. 7The
skull is completely encloscd; the peripheral cxtent of the face &
is partly protected; the upper rear and the sides of the neck are
partly protected; and the upper cervical vertebra receives the
same protection as the neck rear. The eyes are cxposed except for
visor attachments,

L
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TABLE 53. HEAD AND NECK INJURY SUMMARY FOR PERIOD
JAN. 1969 - MAR. 1978 o
CRRVI- i
SRULL FACHE EYL NECK CAL TOTAL -
YEAR (1) (2) {3) (4) (5) {(1~-5%) I
1969 88 66 22 53 6 235
~ |
1910 34 51 7 34 13 189 ,}
1371 33 32 2 20 12 99
1972 56 18 6 18 7 105
[RARN! 40 17 7 18 8 90
1774 27 18 3 24 9 81
1175 25 13 2 14 4 58
1976 30 16 1 13 4 64
1077 33 12 10 30 7 92
E.
H 19078 14 5 2 4 0 25
’ roran| 430 248 62 228 70 |10138
; DESI1G-
NATOR 42 20 6 25 7
70 i
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‘The skull, which receives the most protection from the helmet,
receives the most injuries as shown in Table 53. The face with a

_designator of 20, the eyes with a 6, and the cervical vertebra with
ha 7 receive comparatively'minor protection, yet they sustain the
least injuries - a total of 380 in the data used. Together they
~account for 50 less injuries than the skull, which has a designa-

tor of 42. R

The potentiality of the helmet for receiving localized impact
and then redistributing the impact to other regions must be con-
sidered. The neck and vertebra would probably be most involved
in secondary injuries from skull helmet primary impacts. Config-

uration design and weight of the helmet also plays an impact role
in helmet impact distribution.

3.3.2 Directional Considerations

Table 54 provides a total distribution of the position data
used in this study. Nearly 46% of the data accounts for fatalities
(349 of 765). Cockpit fatalities (194) account for 25% of the

position data. There were 387 cockpit injuries involved, 51% of
the total 765,

The greatest majority of seats in cockpits face forward, so
occupants in most of the accidents used to provide the cockpit data
must have been facing forward on initial impact. The fact that
the face and eyes sustain such lesser injuries in this environment

must mean that forward body rotation occurs and places the skull

in the primary impact position. Forces are concentrated first on :
the frontal and parietal regions of the skull and then transferred ;
to the neck and vertebra. The helmet, while initially acting to ‘
attenuate the force, would also serve to maintain a direct down-

ward transfer to the neck and vertebra.

71
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TABLE 54. 1INJURY POSITION SUMMARY FOR | &
i o , PERIOD JAIl. 1969 - MAR. 1978 |-
’ - . - P e R w
* SEATING POSITION TOTALS 2
, TOTALINJURTES COCKP LT CREW/PSGR. /UNK.
: NON- NON- NON-
FATAL FATAL EATAL FATAL I'ATAL FATAL
{
! 72 111 40 | s1 32 | s0
77 61 32 | 23 45 | 33
1
5 23 49 12 | 20 | 29 E
. I
46 36 25 | 16 21 | 20 {4
28 42 22 | 22 6 | 20 %}
26 29 15 | 17 11 | 12 E
. E
g 16 22 11 12 51 10 13
. E
: 20 22 13 | 14 7 8
. 33 35 17 | 15 16 | 20 E
o 1
i 8 9 7 3 1 6 i;
3 349 416 | 194 {193 | 155 | 223 E
: 1
: 387 378 13
3 765 3
765 3
| =
|
‘ :
. ¥
% .
. ¥
, I
| =
i [ .
i |
t
L ' §
I ¥
i i 4
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On the basis of data analyzed in this program, the primary

direction of force initiation and interaction on the skull, face,

eyes, neck, and vertebra is believed to be centered on the fronta

and parietal regions of the skull.

713

sl

o

e e




PRI
! t

P— Y

4.0 INJURY PROFILES

7 To further support the directionql determination established
in Section 3.0, the following was accomplished: '
e All fatal skull, face, eye, neck, and cervical injuries

were tabulated by aircraft model and then combined to
obtain type profiles.

® Autopsy comments taken from hard copy of MOR were
scored on a drawing to obtain visual correlation with
the type profiles.
The number of MOR reviewed (37) was insufficient for complete
type profiling in some cases (patrol, search, and V/STOL aircraft)
but still supportive of overall trends. The MOR information was
adequate for the attack, fighter, trainer, and rotary-wing air-

craft profiles.

Professional assistance in developing the injury profiles
presented herein was provided by Dr. Brian D. Blackbourne, M.D.,
Deputy Chief Medical Examiner, Department of Human Resources,
Government of the District of Columbia, Washington, D.C.

4.1 AIRCRAFT TYPE FATAL INJURY PROFILES

4.1.1 Attack Aircraft

Table 55 shows the result of tabulating 78 injuries for
attack aircraft. The skull sustained the majority (46 of 78);
the neck (16) and cervical vertebra (13) combined received 24.
The face accounted for only 3 and the eyes none. Considering the
totals, decapitation and fractures have an apparent interrelation-

ship between skull and neck.
The nature and severity of the dominant diagnoses (compound/

comminuted, decapitation, and avulsion) are also illustrated in

Figure 1 which is based on information from 9 MOR cases. The
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TABLE 55. ATTACK AIRCRAFT INJURIES

Diaénosis Skull Face 'Eye Neck Cerviéal ;otal
14mmorrhage -2 S me e ,x::£~7~2
Compound 5 1 6
Compound Comminuted 11 1 - 12
Decapitation 7 10 17
Fvisceration 1 | 1
Fracture, Simple 4 3 3 10
Avulsion 7 ) | 7
Comminuted : 1 ’ 1
Crushing 1 1
Depressed 1 R |
Laceration 4 4
Transection 1 10 11
Contusion 1 2 1 4
Dislocation 1 1
TOTAL 46 3 16 13 78

upper head and neck injuries are typically fatal or critical in
severity, while the facial injuries would be considered sevcre

but not life threcatening for the most part.

4.1.2 VFighter Aircraft

Of 52 fatal injuries uscd for fighter aircraft, the skull
received 36 and the neck (11) and cervical vevtebra (5) combined
reccived 16 as shown in Table 56. No injurics to the face and
cyes were included in the printout. Avulsion and decapitation
dominate the diagnoses on a part and total basis, ample evidence

of the severity of the fighter aircraft crash environment.
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TABLE 56. FIGHTER AIRCRAFT INJURIES

3 Diagnosis Skull Face Eye Neck Cervical Total
7 Avulsion s T E SR L s g o
Depressed 1 1
Crushing : 3 3
“Comminuted 2 2
Compound 2 2
Compound Comminuted 3 3
; Decapitation 6 9 15
' Hemorrhage ' 5 5
; ‘ Laceration 3 3
Asphyxia/Strangulation ' ' 1 1
Contusion P 2
Hema toma 1 1
Fracture, Simple 1 1 1
i Compression 1 1
; .. Rupture 1 1
E . Dislocation 1 1
i Transection 3 3 3
: g
TOTAL 36 11 5 52
Only two MOR cases were used for the profile shown in Figure %
2, yet even this limited input supports the dominant skull injury i g
trend. Pl
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~1life threatening) by themselves, but when idontified as additional
injuries involving the fatal skull primary injuries, the data acain

- .. points to the primary diractional influence on the skull,

4.1.4 Helicopters

As Table 58 shows, the skull is by far the moat affected in-
-jury region for holicopters, accounting for 35 of 42 injurios.
The nock (4) and fuaco (3) account for the remaindexr (7).

TAMLE 58,  NELICOPTER INJURIES

[ Ve P Y TS

R

cewoDliounomin - pkull Face Lye Neck Corvical Total
compaund Comminut.od ) | ¢
Avulsion 10 .0
Comminutod ? 1 )
Compound 7 7
Crushing ) ! 4
Duvapitetion 4 2 6
Fiaciuie, fimple i 1
Ab)asten H |
Tianne ot lun ) ) )
TR YT 7 /
Homotr haye | )
woeA, . T

The hedbteoptor gaoltbe tn Pigwre 4 ta boredd on 8 HOR 0y,
tply 2 of vt dn v bea ahiown would be connldered alngulm by fatal,
fowy o mevere open Bractures of the face and shull snd avulniun of
the: bivatn,  The other s conld b catpgorbecd ae nevare (Hife thioa

endnyg, swmrvaval peobabbed, acvere (not B0 Choeatening), modog ot

and miner . Ve cvat b bdbteg At buence of the poirary shull Feojunry
fg yulte tvldent,
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4.1.5 Search Aircraft

As shown in Table 59, decapitation is singularly credited to

the neck for search aircraft, and it and avulsion dominate the

total data reported. The skull receives 10 of the 19 injuries
reported, and the neck (5) and cervical (3) together (8) account
for all but one injury which was sustained by the face.

TABLE 59, SEARCH AIRCRAFT INJURIES

Diagnosis gkull Face Eye Nuck Cervical Total
Decapitation 4 4
Avulsion 3 3
Compound 1 1
Deprossed 2 C2
Laceration 2 2
Comminutod | 1
Fracture, HBimple 1 1 2
llomatoma 1 b}
Hemorrhago b |
Dislooation | 1
Trannect lon ) )| |

TOTAL 10 1 5 ) BT

Piyure 8 (bared on & MO canen) supporte the dominance of
fatnt akull gnfurien, bt aleo shows soveinl fnjurden to the face
which are wingularly survivable,  Nere again fn domonsteated the
primaty seversty of dmpacts on the frantal pegton of the whold
and intvrrelated effectn un the neek/cervival regton,
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4.).6 Patrol Aircraft

e

Only limited data were available for patrol aircraft, but
‘they continue to demonstrate the skull and neck/cervical region

o
) M
sl m‘gr hm“u &

interrelationship. WNeck and skull dominance is shown in Table

i

60,
+
I
TABLE 60. PATROL AIRCRAFT INJURIES %
14
Diagnosis Skull Face Eye Neck Cervical Total *é
Compound Comminuted 2 2 fé
Fracture, Simple 1 1 2 H
i3
lemorrhago 1 1 %
Decapitation 6 6 %
TOTAL 4 6 1 1 T
&
Figurce 6 {8 based on only 2 MOR cascsr all injurice shown i
would bo fatal or critical (survival uncertain). &
4.1.7 V/81T0L Alrcraft é
=
As Tablo 61 shows for V/0101 aircraft, {njurios are agein E
grouped undor skull and neck/cervical, Fractures dominatoe the L
total )1 {njurdfens roportued, and aleo sliow provalonce in tho pro- %
file, Figure 7, which du bawed on 4 MOR cowcs. ;
. For the V/ATOL alrerart, thoere 48 somo doparture from the i
trend conntutent in data on othoy alreraft, A gencoral fraction- %
ation of the hoad from varfous diroctione seemn ovident, an op- 1
? powed ta the gkull-to-neck/corvieal relationehip,  Alwo, monrt of :
?; the fnjurdoy would be suivivable §f tivated on a slngular bonls, L
1 :
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l TABLE 61. V/STOL AIRCRAFT INJURIES
Diaynosis Skull Face LEye Neck <Cervical Total
Comminuted 1 - o 1 - ;’:‘?""}
% Fracture, Simple 1l 1 f%
E Compound 1 1 ,éi
Contusion 1 1 _éi
Perforation 1 1 B
Dislocation 1 1 4
Decapitation 1 1 2
Compound Comminuted 3 3 ;
. TOTAL 7 2 2 11 ¥
4.2 ANALYSIS AND DISCUSSION i3
b
This discussion is made without consideration of injuries |

which were sustained by parts of the body other than the skull,
face, eye, neck, and cervical vertebra; the scope of the program
limitecd study to the parts named. Severe injuries to the hcad
and neck regions, however, do limit the performance of other
body parts to the extent that their consideration would be of

1 secondary importance.

e o

Thn data presonted in this section does not in all cascs £
! complement ouch othor., For oxample, the total-~injury-by-aircraft '
‘ modol printout idontified no face or oye injuries for the AV-8A
' aircraft aw Jimtod in Tablo 61, yul face and eyn injurlos were
| tdontitied In the autopuy repults revieowoed in tho 4 MOR cancy
fllusUiated 4n Flgure 7. This wan found §n only a few cancu,
however, and the tate of incidence {8 not nufficiunt to influence

ovarall otatimstion and trende.
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Considering all of the injury dominance discussed heretofore,
' and knowing the injury areal effects, the following discussion
' seeks to impart ratiocnale for further research to decrease inju-
i ries to the head and neck regions. ' ’ R

The data presented in this section are from fatal accident i
injuries which obviously exceed human tolerance to impact where i B

Sprnominid | Qup———

skull fractionation, avulsion, decapitation, etc., occur and dom- N ”3#
inate. To remove or reverse this dominance in the aircraft acci- |
dent environment cannot be accomplished on an overall basis. In- ;
I
stead, the problem (3) must be technically addressed on an indi- R E
i
)
}

[ e

vidual aircraft model or type basis. Where there is a prevailing

directional influence which can be identified on an overall basis,

however, and where direct causal relationship can be established }f
between the elements affected in the impact chain, such as the

Lomonad | S—

1
t
1
helmet, head, and neck, then it is possible to identify and con- L
centrate on a specific objective which will benefit and upgrade {
survivability in all aircraft models and types.

boed ' B

The helmet is the only non-human device among the elements

e e o e .
| hllasles | gl Ll
pallig b bl )

of the helmet, head, and neck chain involved, and it has becn the
subject of extensive developmental research. Existent configura-

[
il e

tiong have evolved on the basis of accident studying and material

Ferrd  Treed

refinement made to obtain the most safety and yet satisfy and per-

mit operational functions. However, knowing the certainty of more
fatalities and disabling injuries, which can be assumed on a sta-
tistical basis, then even more research and refinement appears as
a natural course of action.

" =1
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The primary cause of the dominance of skull and neck/ccrvical

injuries is due to impacts received as the upper body is undergoing
sevore docelerative force whlle restrained in a relatively upright
position, and the head, influenced by the weight of the helwet,

uncontrollably undergoes forward and downward flexion, Thin places
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the frontal and pariétal parts of the skull in position for sec-
ondary impact with any object in front of the head; primary im-
.pact will be on the portion of the helmet covering these skull
parts. As the impact chain activates and functions, the forces
encountered by the helmet/head are transferred to the neck which
ultimately must serve to diminish some of the head impact and

accept near final force concentration.

If an interruption in the load transfer can be accomplished,
or if the initial impact force can be ameliorated, then the skull
and neck will benefit. Future research then should incorporate
these basic objectives:

° Investigate mechanical means in the helmet structure

which will facilitate load interruption and/or atten-
vation.

e Investigate lightweight energy-attenuating devices and
materials which can become a part of the helmet exter-
ior.
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5.0 MOR REPORTING SYSTEM

The Navy MOR system provides a very extensive and completely
detailed account of aircraft accidents. It provides information R

on:

® Ahircraft and personnel involved, and includes a narra-
tive of the accident.

. Injuries incurred,

® Psychophysiological and environmental factors.
e Demographic and training proficiency data.

e Personal, survival, and escape equipment usage.
L) Eséape'and egress information on each person.

® Ljection or bailout information, including helmet,
restraint system, and seat usage.

® Survival and rescue information.
e Flight surgeon's comments, analyses, and recommendations,

including autopsy findings if appropriate.

Through analysis and using an in-depth EDP procedure, the acci-

dent information from the MOB is computerized and available for use
by Naval safety Center personnel.

The information available in hard copy and from the data bank
are mcre than adequate for a study of this nature. The system's
capability to provide both event and injury data is considered

excellent.

The only information not found in the MOR system is engineering

data which could be used for hardware-related medical determinations.

Examples would be drawings and/or photographs of areas and specific

structure/components which causcd or cortributed to injuries. There
wag some inclusion of this type of data in the older MOR reviewed,
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In each MOR, the flight surgeon is asked to make comments,
analyses, and recommendations on the accident being reported.
The recommendations made for improving safety and procedures
“seemed sincere, reasonable, and conscientious in most of the MOR
hard copiers reviewed. It was beyond the scope of this effort
to determine the effectiveness of the recommendations in "getting
things done." A study devoted to this determination would be of

interest if based on a period of long enough duration to yield
representative results.
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6.0 INJURY COSTS

The costs of injuries derived from accidents is now an impor-
“tant element in determining information to support decisions for
new designs, making procurements, writing standards and specifi-
cations, etc. Such costs are also factors in making cost/benefit
determinations, and are considered essential for the rule making
_process.

The military departments have assigned dollar loss values
~based on grade, flight status, crewmanship, etc. In comparing
these values with values used by civil departments, it w=2s found
that the military values are much lower than civil values for
persons who have no professional or technical training.

To illustrate the above, discussion on use of the Abbrecviated
Injury Scale (AIS) used by the National Highway Traffic Safecty
Administration (NHTSA) for motor vehicle accidents is presented.

The AIS was first published in 1971 by a joint Committce of
the American Medical Association, the Society of Automotive En-
gineers (SAE), and the American Association of Automotive Mcdicine
(AAAM). The scale was devised in response to a research necd for
a consistent scale for collecting and analyzing injury severity
data and, specifically, for use by multidisciplinary accident in-
vestigation teams, which were being set up by the National liighway
Traffic Safety Administration. Since that time, AIS has gained
acceptance in accident investigation research, and it is likely
that its use will increase in the guture.

The AIS has undergone several revisions since its inception.
The most recent revision of AIS was done by the Subcommittee on
Injury Scaling of the SAE. The scale, as it now stands, is as
follows:
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ALS Code ) ’ ) Categorz
1 Minor
2 Moderate R
EE -3 --Severe (not life threatening) T *
4 Severe (life threatening, survival probable)
5 Critical (survival uncertain)
6

Maximum severity (currently untreatable)

Table 62 presents the average cost per fatality and injury by
AIS level. =t

TABLE 62. SOCIETAL COSTS, SUMMARY, 1975 (DOLLARS) R -

Injury Severity (AIS)

~Cost Component 6 _ 5 -4 : 3 2 1 __ PDO %
Production/Con- ;
sumption:

Market 211,820* .126,650* 55,550* 1,645 865 . 65 -

Home, family
and community 63,545* 37,995* 16,660* 425 310 20 -

F——

Medical:
Hospital 275 5,750 2,250 1,095 450 45 - :
Physician and 7
other 160 5,520 2,160 525 165% 55 =
Coronecr-medical
examiner 130 - - - - - -
Rchabilitation - 6,075 3,040 - - - -
Funeral g25% - - - - - - g
Legal and Court 2,190 1,645 1,090 770 150 1410 7
Insurance Admin- j
iatration 295 295 285 240 220 52 30 ;
Accident Inves-
tigation 80 80 70 45 35 28 6
L.o88es to Others 3,685 4,180 1,830 260 130 12 -
Vehicle Damage 3,990 3,990 3,960 2,920 1,865 1,595 315
Traffic Delay 80 60 60 160 160 160 160
TOTAL 287,175 192,240 86,955 8,085 4,350 2,190 520

*Seven percent discount rate.,
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Using the $287,175

in Table 63,

loss-of-life value (AIS 6) in Table 62,
the costs of fatalities used in this analysis would be as shown

TABLE 63, SOCIETAL COSTS OF NAVY FATALITIES
BASED ON ATIS 6 (1969 - 1978)
Number
 Year Fatalities Societal Costs
1969 72 ¢ 20,676,600
1970 77 22,112,475
1971 23 6,605,025
1972 46 13,210,050
1973 28 8,040,900
1974 26 7,466,550
1975 16 4,594,800
1976 20 5,743,500,
1977 33 9,476,775
1978 8 2,297,400
TOTAI 349 £100,224,075

1f comparable Navy injury loss values for AIS 1 through 5

were computed for the 416 non-fatal injuries reportcd, the total

societal costs for the l0-year period would be appreciably

greater.

It is understood that socictal costs tfor motor vehicle ac-

cidents can not rcflect the worth of training, medical, and other

factors in a Naval injury.
were formulated, however,

1f values similar to the AIS levels
they would prove to be a valuable com-

mand ranagemcent tool in training and other staff functions.
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7.0 CONCLUSIONS

On the basis of the study reported herein, the following

conclusions are made:

1.

The principle directional influence on skull, face,
eye, neck, and cervical injuries is centered in the
frontal and parietal regions of the skull.

Emphasis should be placed on personal safety and sur-
vival equipment research in high-performance air-
craft.

Specific aircraft models and types can be identified
which warrant further engineering and/or analytical
research.

The flight surgeon's recommendations (made over a
leng~-term period) for improving aircraft safety

and search and rescue operations should be assessed
for effectiveness.

A simplistic cost value for fatalities and injurics,
similar to the NUTSA AlS system, would be of consid-
erable value to Naval safety engineering and manage-
ment and in conducting studies ot the type reported
herein.

Navy MOR and the Naval Safety Center data bank are
efficient and responsive media for establishing and
supporting research objectives; availability of
injury-relatcd engincering information would further
enhance research effort.
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8.0

~ The following recommendations are made:

RECOMMENDATIONS

1.

Further research should be devoted to the role the
helmet plays in:

° Preventing injuries

® Causing injuries

® Distributing impact force received on the frontal
and parietal regions of the skull.

Cost benefit analysis should be made to determine the
extent to which life support systems should be refined
in high performance aircraft, if not already accom-
plished. Trade-off parameters should include points
at which refinement is directed to personal safety and
survival equipment.

The causation for dominance anomalies of injuries in
certain aircraft models/types should be determined, if
not already known. Examples are:

e lligh cockpit fatality rates for the S-2 and s-3
(14 of 22 position data)

e A 270% increase in injuries and a 200% increase in
fatalities in helicopters from 1976 to 1977

® High neck injury rates and fatality rates in patrol
and search aircraft.

A study be made of action taken on recommendations made
by flight surgeons in accidernt reports to determine the
benefits derived from implementation and the results of
not implementing recommendations.

A costing system based on recent dollar values be de-
veloped for injuries and fatalities.

Total fatality and injury profiles by aircraft modcls

and types be developed from data in the Safety Center

data bank. Such profiles could be used in programs to
emphasize training proficiency attainment and accident
prevention. "Shock graphics" are considered effective
in both industry and government,
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